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HIGH-MA6KXFICATION TELEPHOTO SPECTACLES FOR AGE-RELATED 

MAGPLAR DEGEMERATION 

BACKGROUND OP THE INVENTION 
This appllcat:lon Is a con-tinua-bion in part: of 
Serial No. 690,814 filed April 23, 1991, which is a 
division of Serial No, 141,482 filed January 5, 1988. 
Field of iihe Tnvenl^iQn 

This inven-tion rela'tes generally t;o an 
ophtJialmic lens system and more particularly to a system 
which includes, in combination, telephoto spectacles and 
an intraocular lens having a negative lens portion. 
Background of the Invention 

Macular degeneration, which is generally age- 
related, affects a central region of the retina known as 
the macula. Macular degeneration can lead to a gradual 
or rapid loss of vision to the level of 20/200 or less. 
It may affect, for example, only cOjout 1/4 to 4 square 
millimeters of the macula, thereby leaving 95 to 99 
percent of the retina unaffected. Accordingly, central 
vision, such as for reading and watching television, can 
be lost while peripheral vision remains relatively 
intact. 

Vision problems for the patient are compounded 
if macular degeneration is also accompeuiied by cataracts 
on the natural lens of the affected individual. One way 
of dealing with this compounded vision problem is 
disclosed in Donn. et ^ail Patent No. 4,710,197. The 
disclosed approach is to replace the cataractic natural 
lens of the eye with a negative intraocular lens and to 
r ^Pipy a single, _ positive lens . element on a spectacle 
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frame in combination with the intraocular lens (lOL) . 
A positive or negative contact lens may also be used in 
this system to further correct: the patient •& vision. 

Another approach is disclosed in copending 
Portney application Serial No. 141,482 filed on January 
5^ 1988, and entitled Teledioptric Lens System. This 
application is incorporated by reference herein. This 
latter approach is disclosed as enqploying an XOL with a 
negative lOL portion and bi-'element spectacles serving 
as a positive lens to direct light toward the negative 
lens portion of the lOL. The bi-element spectacles are 
not telephoto, but when used with the negative lOL 
portion, a single telephoto lens system is provided. 

Both of these approaches improve the compotmd 
vision problem referred to above. However, the contact 
lens-single spectacle lens combination disclosed in the 
Donn et al patent suffers from problems of maintaining 
alignment between the contact lens and the spectacle lens 
and other problems commonly associated with we2tring of 
contact lenses. Also, for larger system magnification, 
e.g., greater than 3X for far vision and greater than 
4.5X for neeir vision, the system of Serial Ho. 141,482 
requires a relatively large vertex distemce, i.e., the 
spacing between the outer surface of the eye and the 
spectacle lens. This reduces the field of fixation, 
i.e. , the maximum angle within which the eye can move and 
still see an object clearly and teiids to maJce the 
spectacles less comfortable to wear and not aesthetically 
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pleasing. The large vertex distance also tends to draw 
attention to the visual handicap of the wearer. 

gUMMARY OP THE INVENTION 

The present invention provides an ophthalmic 
lens system which generally overcomes the problems 
discussed cU^ove. The ophthalmic lens system of this 
invention includes an XOL and mtiltiple element 
spectacles. For a given relatively high magnification, 
the vertex distance is substantially reduced as compared 
with the vertex distance necessary to accomplish that 
same magnification in the system of Serial No. 141,482. 

This invention can be embodied in an ophthalmic 
lens system which includes an lOL adapted for 
implantation in the eye and having a negative lOL portion 
and multiple-element spectacles which provide a positive 
lens system for directing light toward the negative lens 
portion. The positive lens system includes a positive 
lens and a negative lens, with the negative lens being 
located posteriorly. of the positive lens. 

By using a positive lens and a negative lens 
as part of spectacles rather than single or multiple 
positive lenses, the vertex distance can be reduced. 
Accordingly, high magnification with a wide field of 
fixation can be obtained at relatively short vertex 
distsmces • 

The positive and negative lens may be the only 
refracting elements of the positive lens system , of the 
spectacles or additional refracting elements may be 
provided, if desired. Because all of the external lenses 
of the positive lens system form a part of spectacles, 
the problem of alignment between a contact lens and a 
spectacle lens is avoided, and the other problems of 
wearing contact lenses are also eliminated. 
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Viewed from a different perspective, the 
spectacles include a telephoto lens system with the 
telephoto lens system including a plurality of lenses 
each having a power other than tinity. The telephoto lens 
system refracts light similar to a single-element 
spectacle lens placed at a long vertex disteuice. By 
using the telephoto lens system, the usual advantages of 
spectacles can be obtained, and the vertex distance can 
be reduced. 

A telephoto lens system is a lens system in 
which the focal length of the lens system is longer than 
the overall dimension of the lens system. With this 
invention, the lOL cooperates with the telephoto lens 
system of the spectacles to provide a second telephoto 
lens system. This double-telephoto lens system can be 
used to provide substantial magnification without 
requiring an excessive vertex distance. 

Mot oiay does the use of multiple element 
spectacles as described above provide for a relatively 
short vertex distance and a wider field of fixation at 
relatively high magnifications, but multiple-element 
spectacles have other advamtages. For example, the 
lenses of multi-element spectacles can be made thinner 
cmd therefore possibly lighter than a single larger lens. 

The positive and negative lens elements axe 
preferably carried by a spectacle f reuae in axially spaced 
relationship. In a preferred constiniction, the axial 
spacing between the positive and negative lens elements 
can be adjusted without varying the vertex distance by 
which the negative lens is spaced from the eye. This 
axial adjustment enables the user to adjust the power of 
the telephoto lens system without adjusting the vertex 
distance between the negative or posterior lens and the 
eye. 
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Any correction for astignatism is 
cbaracteristlcally placed on the most posterior lens 
surface. By allowing the posterior lens to remain 
stationary, this astigmatism correction is not upset as 
it might be if the posterior lens were allowed to move 
axially. 

The invention, together with additional 
features and advemtages thereof, may best be understood 
by reference to the following description taken in 
connection with the accompanying illustrative drawings • 

, BRIEF DESCRIPTIOK OF THE DRAWINGS 

Fig. 1 is a schematic illustration of a prior 
art ophthalmic lens system. 

Fig. 2 is a schematic illustration of an 
ophthalmic lens system constructed in accordsmce with the 
teachings of this invention and illustrating how the 
ophthalmic lens system of this invention reduces the 
vertex distance. 

Fig. 3 is a plan view of one form of multiple— 
element spectacles that can be used with this invention. 

Fig. 4 is an elevational view partially in 
section of one mounting section and an adjacent portion 
of the spectacle showing the mounting of the positive 
and negative lens sections. 

DESGRIPTION OP THE PREFERRED EKBODIMECT 

Fig. 1 shoys a prior art ophthalmic lens system 
11 which includes a negative lOL 13 implanted in a human 
eye 15 and a positive external lens 17 adapted to be 
carried by a spectacle frame (not shown) . Corneal power 
is ignored in Fig. 1. The lens 17 represents one or more 
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positive lenses. Parallel light passing tlirough the lens 
17 is directed by the lens toward a focal point 19 of the 
external lens 17. The lOL 13 is between the external 
lens 17 and its focal point 19, and it redirects the 
light received from, the external lens 17 toward a focal 
point 21 on the retina 23. 

The system 11 functions as a Galilean telescope 
having a magniflca-tion greater them unity. The 
magnification that is achieved with the lens system 11 
is a function of, among other things, a vertex distsmce 
V between an outer stirface 25 of the eye and a posterior 
sixrface 27 of the exterior lens 17* 

Fig. 2 shows a lens system 11a constructed in 
accordance with the present invention in which corneal 
power is also ignored. Portions of Fig. 2 corresponding 
to portions of Fig. 1 are designated by coirresponding 
reference numerals followed by the letter "a". 

The system lla includes a positive lens 29 and 
a negative lens 31 eonranged with the negative lens 
posterior to the positive lens so that it is located 
between the positive lens and tibie eye 15a. In this 
.embodiment, the positive lens 29 is biconvex, and the 
negative lens 31 is biconcave; however, this is merely 
illustrative* The lenses 29 and 31 are sized and adapted 
to be mounted on a spectacle frame 33 (Fig. 3) . Although 
the lenses 29 and 31 are the only refracting external 
lens elements of the system lla, this also is merely 
illustrative in that either or both of the lenses 29 and 
31 may comprise multiple lenses, if desired. 

The positive lens 29 directs incoming parallel 
light toward a fociail point 35 of the positive lens, and 
the negative lens 31 redirects this light toward the 
negative lOL 13a and to a focal point 19a of the negative 
lens 31. The negative lOL 13 functions as described 
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above to form an image at a focal point 21a on the retina 
23a. 

The lens 17 of Fig. 1 is shown in Fig. 2 in 
phantom lines. The lens 17 is spaced from the eye 15a 
a sufficient distance so that its focal point is at the 
focal point 19a. lAien so positioned, the lens 17 is 
spaced by a vertex distance V from the eye 15a. 
Specifically, the vertex distance V is the distance 
between the posterior surface 27 of the lens 17 and the 
outer surface 25a of the eye 15a. 

So far as magnification is concerned, the lens 
17 in combination with the XOI« 13a would provide the same 
magnification as the lenses 29 and 31 in combination with 
the XOL 13a. However, the lens 29 is separated by a 
relatively short vertex distance from the eye 15a. 
Specifically, the vertex distance V^ is the distance 
between a posterior surface 37 of the positive lens 29 
and the outer surface 25a of the eye 15a* As shown in 
Fig. 2, the vertex distemce is much less than the 
vertex distance V. Consequently, the lens system 11a of 
this invention can provide the seune magnification as the 
prior art system of Fig. 1 but at a much reduced vertex 
distance and with a consequently greater field of 
fixation. For excuaple, the lens system 11a can provide 
a magnification of 4*5X for near or 3X for far with a 
vertex distance of no more than 20mm. 

It is also appetrent from Fig. 2 that the- lens 
system 11a includes two telephoto lens systems. The 
first telephoto lens system comprises the lenses 29 and 
31. This lens system is telephoto because its focal 
length, which extends from the lens 17 to the focal point 
19a is greater than the system length which extends from 
the lens 29 to the focal point 19a. The system 11 of 
Fig. 1 does not havet this telephoto system. 
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m addition, the lenses 29 and 31 cooperate 
with the lOL 13a to form a second telephoto lens system. 
Tlie focal length of this system is from a plane A to the 
focal point 21a, and this is greater than the length of 
the system which extends from the lens 17 to the focal 
point 21a. The plame A in Figs. 1 and 2 is the location 
of the lens 17 if it alone were to provide an image on 
the retina at the same power as the lenses 29, 31 and 
13a. The prior art system of Fig. 1 also has this latter 
telephoto system. 

The lenses 29 auid 31 may be suitably mounted 
on a spectacle frame in iany desired manner, and the 
spectacle frame 33 and the manner of moxinting the lenses 
on this frame shown in Figs. 3 and 4 is pxirely 
illustrative. When moxanted on the frame 33, the 
resulting spectacles include a telephoto lens system, 
i.e., the lenses 29 and 31. Fig. 3 shows spectacles 39 
which con^rise the frame 33^ two sets of the lenses 29 
and 31 and two motuiting sections 41 for mounting the sets 
of the lenses 29 and 31, respectively, on the spectacle 
frame 33. The lenses 29^ atad 31 of each set sure in' axial 
alignment so they may be worn" in alignment with the 
optical axis of the feye. The spectacle frame 33 
comprises a pair of templeis 43, a front section 45 and 
couplings 47 for pivotally attaching the temples to the 
opposite ends of the front section in a conventional 
manner. The front section 45 has a pair of openings 49 
(only one being shown in Fig. 4) for receiving portions 
of the mounting sections 41, respectively. Thus, the 
frame 33 may be essentially of conventional construction, 
except that it is adapted to receive and mount the 
mounting sections 41 rather than conventionsJ. eyeglass 
lexises. The frame 33 may be constructed of any of the 
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usual eyeglass frame materials. Including metals and 
polymeric maiierials. 

In this embodiment, each of the mounting 
sections 41 may be identical, and only one of them is 
5 shown and described in detail herein. The mo\inting 
section 41 includes a tubular housing 51 open at both 
ends and including a large-diameter portion 53 and a 
small-diameter portion 55 integrally joined by a shoulder 
57* The small-diameter portion 55 is received within the 

10 associated opening 49 of the front section 45 and 

suitably retained therein, such as by an adhesive. The 
outer surface of the large-diameter poirtion 53 has a 
plurality (three being illustrated) of identical, 
circumferentially arranged, helical slots 59. 

15 - One of the negative lenses 31 is suitably 

fixedly mounted within the small-diameter portion 55 as 
by an adhesive. The small-diameter portion 55 may have 
an internal ledge 61 against which the lens 31 is seated 
to axially position that lens and cui inner peripheral 

20 surface 62 for locating the lens 31 radially. 

The mounting section 41 also includes a lens 
retainer 63 which, in this embodiment, is a ring having 
a groove 65 for receiving one of the positive lenses 29. 
The lens 29 is axially and radially positioned by the 

25 walls of the groove and is suitably fixedly attached to 
the lens retainer 63 as by an adhesive. 

The lens retainer 63 is received within the 
large-disuneter portion 53 and is attached to an external 
adjusting ring 67 by three screws 69 (only two being 

30 shown in Fig. 4.) Each of the screws 69 extends through 
an associated one of the slots 59. 

With this arrangement, the lenses 29 and 31 
within each of the mounting sections 41 are held in 
proper axial alignment. In addition, the axial spacing 
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bet:veen 1:he lexises 29 and 31 within each of mounting 
sections 41 can be varied without varying the vertex 
distance between the negative lens 31 and the eye. Hore 
specifically, by rota*tlng the adjusting ring 67, the 
screws 69 are moved along the associated helical slots 
59 to rotate the lens retainer 63 cmd the positive lens 
29 and to move them axially toward the negative lens 31. 
Of course, by counter-rotating the adjusting ring 67, the 
positive lens 29 can be moved axially away from the 
negative lens 31. Regardless of the direction of axial 
movement of the positive lens 29, the negative lens 31 
remains stationary so that the vertex distance between 
it and the eye remains the same. Consequently, any 
astigmatism correction that is placed on the posterior 
surface of the lens 31 is not upset by movement of the 
lens 31. In this msmner, the magnification achieved by 
each of the lens sets can be independently veuried by 
rotation of the adjusting rings 67. 

Although an exemplary embodiment of the 
invention has been shown and described, mcuiy changes, 
modifications and substitutions may be made by one having 
ordinaiY skill in the art without necessarily departing 
from the spirit and scope of this invention. 
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CIAIMS 

1. An ophthalmic lens system comprising: 

an Intraocular lens adapted for Implantation 

in the eye and having a negative intraocular lens 

portion; and 

spectacles including a positive lens and a 

negative lens, said negative lens being located 

posteriorly of the positive lens« 

2* A system as defined in claim 1 wherein the 
positive lens and the negative lens are the only 
refracting elements *of the lens system vAiich have a power 
other than unity o 

3« A system as defined in claim 1 wherein the 
positive lens and the negative lens are axially spaced 
and the positive lens system includes means for adjusting 
such axial spacing. 

4. A system as defined in claim 1 wherein the 
spectacles include a spectacle frame suid means for 
mounting the positive and negative lenses on the 
spectacle frame in axial alignment with each other. 

5. A system as defined in claim 4 wherein the 
positive lens and the negative lens are axially spaced, 
and the positive lens system includes means for adjusting 
such axial spacing without varying a vertex distance by 
which the negative lens is spaced from an anterior 
surface of the eye. 

6. An ophthalmic lens system comprising: 
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an Intaraocular lens adapted for Implantation 
in the eye and having a negative intraocular lens 
portion; 

spectacles including a -telephoto lens sys1::em 
adapted -to be located ouliside the eye and including a 
plurality of lenses each having a power other than uniliy; 
cmd 

said spectacles including a spectacle frame and 
means for mounting said plurality of lenses on the 
spectacle frame. 

7. A system as defined in claim 6 wherein said 
plurality of lenses includes axially spaced anterior and 
posterior lenses and the telephoto lens system includes 
means for adjust:ing the axial spacing of the anterior smd 
posterior lenses withou-t varying a vertex distance by 
which the posterior lens is spaced from an anterior 
surface of the eye. 

8. An ophthaliaic lens system comprising: 

an intraocular lens adapted for istpleaita-bion 
in the eye; 

spectacles including a f JLrst telephoto lens 
system adapted ^o be located outside the eye and 
including ^ plurality of lenses each having a power other 
them unity; and 

said intraocular lens being adapted to 
cooperate with said telephoto lens system of the 
spectacles to provide a second telephoto lens syslzem. 

9. A method for obtaining optical 
magnificatibii with a reduced vertex distemce comprising 
passing light through an lextiemal telephoto lens system 
which includes multiple lenses' csarried outside an eye by 
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a spectacle frame and t:hen -Uirough a negative intraocular 
lens portion located within the eye. 

10. A method as defined in claim 9 wherein the 
telephoto lens system includes positive and negative 
lenses and the step of passing includes passing the light 
through the positive lens and then through the negative 
lens. 
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